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1

Introduction

Sound power is the energy emitted by a sound source per unit time. It is commonly used
by industries to determine the noise (unwanted sound) of machinery. There are multiple
recognized standards for determining the sound power of a source. The requirements for the
ISO3741 standard are tedious and strict but can produce a low standard of deviation in the
results. There is another method, the Two Point method, which less strict than the standards
but the standard of deviation in the results vary. This paper discusses the performance of
the PAGE method employed in the Two Point method to reduce the magnitude of the error
in measuring sound power in a diffuse field.

1.1

History on Standards and Two Point Method

The Nationally Adopted International Standard (ISO3741) lays out specific requirements
including room dimensions, characteristics, location of source and microphones, the number
of tests for a certain accuracy range, etc. Two of the more difficult requirements to meet are
the volume of the sound source, which can be no larger than, 2.5%-3% of the rooms volume,
and the locations of microphones[1]. If a requirement is broken, the standard deviation in
the results is large and results are uncertain[1].
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The Two Point method uses measurements taken in the direct/near-field and in the
diffuse/reverberant field for a known power source and an unknown source. The HopkinsStryker equation converts the energy density obtained by the measurements into sound
power levels.[3] Two point method is a quick and easy way to take a measurement, but this
leads to large errors with standard deviations anywhere from 1-5dB[2]. Instead of using
the local time and spatially averaged energy density, work by Marquez et al. has found
that using a generalized energy density (GED) with a weighting factor β of 0.25 gives more
accurate results[3]. The GED is calculated as
hwG,β it = βhwP it + (1 − β)hwK it ,

(1)

where hwP it and hwK it are the Potential and Kinetic energy densities. The generalized
energy density is then plugged into the Modified Hopkins-Stryker Equation (MHSE) giving
[2]
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where, R is the room constant, γ(θ0 , φ0 ) is the directivity factor, k is the wave number and r
is the distance from one microphone to another. hΠit is the sound power level of the source.

1.2

Theory

Brigham Young University has been developing the PAGE method (Phase and Amplitude
Gradient Estimator) over the past few years. The PAGE method is a new way to calculate
hwP it and hwK it based on several pressure measurements with a probe. It has demonstrated
distinct advantage over the traditional method when used to measure sound intensities and
energies inside a plain wave tube.[5] Eric Whiting’s thesis includes how the PAGE and
Traditional methods differ[4]
Energy Densities

Traditional Method


Potential

G11 +G22 +2Re G12
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Kinetic
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8ωρd2

PAGE Method
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For the potential energy calculations, the Traditional method uses only the real component of the cross-spectrum. The PAGE method for calculating the potential energy uses
magnitude of the cross-spectrum which requires both the real and imaginary components of
the cross-spectrum. For the kinetic energy calculations, the PAGE method also takes into
account the angle of the cross-spectrum.
The Two Point method gives us 4 versions of the MHSE (two versions for the known
source and 2 for the unknown source). We can solve for the room constant, the directivity
factor, and the sound power levels for the unknown source.
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Approach

A blender was used instead of a speaker as the unknown source. An added bonus to having
a blender over a speaker is that the blender is an omnidirectional source. In the standards,
there is an option to achieve Engineer Grade results by "A weighting" the results and
2

increasing the standard deviation, from 0.5 dB to 2dB.[1] Most Industry professionals will
choose to weight their results because the frequencies below the Schroeder frequency there
is no guarantee that the acoustic field is a diffuse field.
An ISO 3741 standard measurement was made with the blender at two different conditions but left at the same speed setting. The blender speed was set on High and on the Purée
setting. The two conditions were, the blender under no load (just the base), and then under
load with 4 cups of water in the pitcher. After the measurements were taken according to
the ISO 3741 standard, I performed multiple Two Point measurements for both conditions
of the blender. The code that calculates the sound power levels using the Two Point was
modified to compare the PAGE method and the Traditional method for calculating energy
densities. The microphone spacing for the probe was 2.5 centimeter from one microphone
to the other.

Figure 1: Probe used in Two Point Measurements with mic. to mic. spacing of 2.5cm
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3.1

Data
Standards

Mentioned in Section 2, "A weighting" cuts out a lot of noise below the Schroeder frequency,
and more closely represents how we hear sound. The total sound power levels for the blender
weighted for the base (under no load) and for loaded are 94.6 and 89.3 dBA. The total sound
power levels for the blender not weighted are 93.5 and 88.3 dB.

Figure 2: ISO 3741 Standards Results
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3.2

Two Point

For the blender under no load the Traditional method and the PAGE method calculated
that without weighting the total sound power levels are 90.5 and 90.0 dB. The Traditional
method and the PAGE method calculated that the weighted total sound power levels are
89.9 and 89.2 dBA.

Figure 3: Two Point Blender Base Results
For the blender under load the Traditional method and the PAGE method calculated
that without weighting the total sound power levels are 88.8 and 88.3 dB. The Traditional
method and the PAGE method calculated that the weighted total sound power levels are
86.5 and 85.8 dBA.

Figure 4: Two Point Blender Stressed Results
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Analysis

The unweighted total sound power levels of the blender under no load and under load for
both methods is closer than the weighted sound power levels, which could be due to a small
error in the code. Adding water to the blender lowers the total sound power levels. Adding
water to the mix also skews the results because the sound of water moving inside the pitcher
affects what the probe picks up. There is a chance that the program used could have some
errors. The team working solely on Two Point method uses different data analyzers and

4

code than the team working on the PAGE method. Combining the two separate codes
into one could have introduced error. However, the results are consistent with the rough
error expected with the Two Point code.[2][3] Results show that the PAGE method does
not perform any better or worse than the Traditional method.
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Conclusions

More research is needed to determine why the PAGE and Traditional methods have large
errors when compared to the standards. Adding a reverberation correction factor to the
MHSE should also be considered.[3] Inside a diffuse field and using the Two Point method,
the PAGE method does not show a significant improvement to the Traditional method.
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